Introduction.
Summary. A morphometric study of the principal epithelial cells of the epididymis has been carried out in six young adult men. Samples were taken in the head, body and tail of the epididymis and processed for ultrastructural study. The cytoplasm was subdivided into four zones. Their section areas were measured by planimetry and the volume density of cytoplasmic organelles assessed using the point-counting method. The general organization of the principal cells of the epididymis was identical along the duct. Quantitative analysis revealed that cells of the head contained significantly larger amounts of coated-vesicles and of Golgi saccules than the body and the tail. The functional implications of these results is important for the understanding of receptor-mediated endocytosis and protein synthesis in the different parts of the human epididymal duct.
Introduction.
The human epididymis is anatomically subdivided into three parts. The head, conical in shape, is joined to the ductuli efferentes by T-shaped end-to-side connections (Jonte and Holstein, 1987) . The body is slender. The tail progressively enlarges and forms an acute V-shaped angle which is prolonged by the deferent duct.
Cytological studies have shown that the head is composed of two segments, whereas the body and the tail are respectively made up of three segments (Holstein, 1969) .
In rodents the three anatomical zones play different roles with respect to maturation of spermatozoa during their transport along the epididymal duct (Moore and Bedford, 1979) . The epididymis is the site of simultaneous absorption and secretion (review in Cooper, 1986 ; Djakiew et al., 1986 ; Hinton and Hernandez, 1987) . Descriptive cytology suggests that man does not differ essentially from other mammals in this regard (Holstein, 1969 ; Vendrely, 1981 (Weibel, 1969) . Quantitative ultrastructural data have been provided in some rodents (Greenberg and Forssmann, 1983 ; Paulson, Byers and Dym, 1985) , but not in man up to now.
In the present study ultrastructural morphometry was used to examine whether significant differences in the amount of some cytoplasmic organelles could be found in the principal cells of the human epididymal epithelium, suggesting a regional specialization. (Chalkley, 1943 ; Weibel, 1979) . A square grid printed on a transparent sheet-film was placed over micrographs. The space between the lines of the lattice was 1 cm. The intersections were used as test-points and their number overlying selected organelles was counted. The volume density was expressed in percentages as the fraction of the total number of points enclosed in the area. Relating the data to the area of the cytoplasm, by zone or in the whole cell, the true section area of each set of organelles could be obtained. Using the final magnification coefficient, the values were expressed in square micrometers. Data were subjected to an analysis of variance ; the standard error was corrected for the number of counted points per each type of organelle (Weibel, 1979 Figure 1 is the graphic representation of organelle section areas in the three studied segments of the epididymis.
Among the cell compartments involved in absorption, coated pits and vesicles were localized almost exclusively in the supranuclear part of the cell. In the head this zone was characterized by large amounts of coated vesicles forming a network descending between bundles of microfilaments ( fig. 3b) . The multivesicular bodies increased from the head towards the tail of the epididymis ( fig. 3c ). However the low volume of these organelles was not sufficient to yield significant differences.
The dense bodies had the morphological characteristics of primary and secondary lysosomes. They were spherical and strongly osmiophilic, sometimes with lamellar whorls. Although they were present in all parts of the cells they were encountered chiefly in the middle of the supranuclear region (zone 2). Their (Friend and Farquhar, 1967 ; Hoffer, Hamilton and Fawcett, 1973) , and it has been demonstrated that these structures are the site of receptor-mediated endocytosis (Goldstein, Anderson and Brown, 1979) . In the epididymis, this absorption route is androgen-dependent (Pujol and Bayard, 1979). In the human epididymis the present work shows that coated-pits and vesicles were much more numerous and extensive in the head of epididymis. These findings suggest that this part of the duct is the major site of specific absorption as in rodents (Djakiew, Byers and Dym, 1984; Djakiew et al., 1!35; Paulson, Byers and Dym, 1985) . These observations are in agreement with immunocytochemical evidence of endocytosis of the steroid-binding protein by the epididymal principal cells in man (Egloff et al., 1981 ) .
During receptor-mediated endocytosis, receptor-ligand complexes reach lysosomes and are eventually degraded, recycled or simply transported (Goldstein et al., 1985) . However, in man, lysosomes were evenly distributed in the whole cytoplasm of the principal cells, in spite of the decrease of receptor-mediated endocytosis in the body and tail, lysosomes being also involved in non-specific absorption (Novikoff, 1961 ) .
Multivesicular bodies are also included in the process of endocytosis. Djakiew et al. (1985) showed that markers entering the cell in rat epididymis pass from apical vesicles to multivesicular bodies. The increasing amount of multivesicular bodies from head to tail in the human epididymis (while the volume of coated vesicles tends to diminish) suggests that endocytosis is routed otherwise by a way which is not receptor-mediated and that it occurs in the distal part of the duct. Absorption of this type has been found in the cells of the tail of epididymis in rodents (Moore and Bedford, 1979; Hinton and Hernandez, 1987) . In guinea-pig, the amount of multivesicular bodies increases along the epididymal duct (Greenberg and Forssmann, 1983) . The process of endocytosis, when not receptor-mediated, is usually linked to pinocytotic vesicles (Silverstein, Steinman and Cohn, 1977) . However these vesicles were not found in the human epididymal cells.
The secretory activity of epididymis in man has mainly been established through biochemical analysis of seminal plasma (Cooper, 1986) 
